Allergies to snails and mites are definitely linked. Snail allergens have been already identified and there is no evidence of crossreaction between snail and mite tropomyosin. This work is a preliminary study on immune cell function, evaluating possible tropomyosin-triggering in a snail-mite-shrimp cross-reaction. Peripheral blood mononuclear cells from 6 different phenotype patients in relation to snails, mites and crustaceans, were cultured with mite recombinant tropomyosin (rDer p 10), anti-CD28 and brefeldin A. Phytohemagglutinin mitogen was used as a positive control. CD4 T-cell response was evaluated towards CD69, IFN-γ, IL-2, IL-4, IL-5 and IL-13, in flow cytometry. rDer p 10 induced different cytokine expression in the six phenotypes. Allergen-specific IFN-γ stimulation was suggested by an increase in IFN-γ, IL-5, and IL-13 only in allergic to crustaceans, with a dose-dependent effect on IL-5 and IL-13. Tropomyosin is probably the main allergen responsible for the mite-shrimp crossreactivity but may not play a major role in snail-mite-shrimp cross-reactions.
INTRODUCTION
Snails, a very popular delicacy in several European countries, are also considered as one of the worst causes of food allergy. In fact, some people may develop severe episodes of asthma [ 1 ] after ingestion of snails and a connection with house-dust-mite allergy is firmly established [ 23456789101112131415 ].
Food allergens are frequently glycoproteins with a molecular weight (MW) from 15 to 50 kDa, with the immunogenic effect depending precisely on the MW, which may facilitate the contact and further absorption through the digestive mucosa. The number of epitopes present on the antigen molecule may also play an important role [ 16 ] , possibly due to their immune triggering potential.
Helix aspersa, Otala lactea and Theba pisana allergen repertoires were exposed by immunochemical methods, showing a close pattern between them. Cross-reactivity between Dermatophagoides pteronyssinus, H. aspersa and Pandalus borealis shrimp was also evaluated by RAST inhibition. D. pteronyssinus was shown to be a strong inhibitor of the H. aspersa RAST (72,6%) and even stronger inhibitor of the P. borealis RAST (91,9%) [ 15 ] . Despite 65 sequence identities and 79 similarities between H. aspersa and D. pteronyssinus tropomyosins [ 17 ] , the 36-kDa protein from H. aspersa extract and the natural and recombinant purified tropomyosins were IgE-recognized by only 4 sera out of 22 from patients reporting snail reactivity [ 18 ] . Another study also reported a 37-kDa protein from H. aspersa extract, has being recognized by only 1 patient out of 21 with specific IgE to H. aspersa above class 2 [ 15 ] . Extending the previous study, further unpublished data has shown recognition of the 37-kDa protein by only 4 from 36 patients with specific IgE to H. aspersa above class 2. The two major allergens from H. aspersa (recognized by 13 and 18 out of 21 patients, respectively) presented MW &gt;208 kDa, probably corresponding to the heavy chains of snails' myosin [ 15 ] .
In view of the presented results, it seemed rather improbable that tropomyosin could be the key culprit in the snail-mite cross-reactivity with allergy. Therefore, it was then important to identify what could happen at the cellular level, as the cytokine response pattern may differ from what is expected by simple observation of the sensitizing spectrum [ 19 ] . In fact, atopy was observed in association with allergenspecific T helper (Th) cells, with a Th2 pattern of response dominated by IL-4, IL-5, IL-9 and IL-13, while IL-10, TNF-α and IFN-&amp;#947; were present both in atopics and nonatopics [ 20 ] . Mostly in atopics, bronchial hyperresponsiveness revealed to be strongly associated with eosinophilia and IL-5 synthesis in conjunction with IgE production [ 20 ] .
Food allergy is, in fact, a hypersensitive reaction to frequently harmless antigens involving IgE-producing B lymphocytes and T lymphocyte cell-mediated responses. According to Bohle [ 21 ] , IgE mediated mechanism triggers a rapid clinical reaction upon ingestion, which can be exemplified by the oral allergy syndrome. However, in delayed reactions involving the digestive tract or the skin, less clear mechanisms were referred, pointing to allergenspecific T-cell cultures as a useful resource to explain the role of these cells, since the majority of allergen-specific CD4 T-cells isolated from food-allergic individuals were identified as highly IL-4 and IL-13 producers.
MATERIALS AND METHODS

PATIENT SELECTION
For this preliminary study each patient followed two fundamental criteria, as being in a non crisis state and being free of any concomitant pathology or medication. Six individuals presenting different phenotype patterns of atopy and allergy to snails, mites or shrimps were selected for cell stimulation assays. Total and specific IgE levels are also shown (Table 1 ). Table 1 : Individual profile from each of the 6 individuals/phenotypes (, , , , and ) according to the following patterns: Total and specific IgE (kU/L); NS Â-non-sensitized; S Â-sensitized; NR Â-non-reactive (nonallergic); R Â-clinical reactive (allergic).
Asthma was the clinical reaction to snails, while asthma, rhinitis and conjunctivitis were the allergic symptoms to mites. Shrimp ingestion conduced hives in phenotype F and abdominal pain associated with gastralgia in phenotype E. Patients were not taking any medicine for a period of, at least, one month.
BLOOD COLLECTION AND PRIMARY PROCESSING
60 mL of blood were collected from each patient. 50. 2 mL of blood-EDTA were used for complete blood count (CBC) in an Advia 120 blood counter (Bayer AG, Germany). In a grade II laminar flow cabinet (Microflow Laminar Flow Cabinet -MDH Ltd., Hampshire, UK), 12,5 mL of heparinized blood were carefully added over 20 
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After six hours of incubation, stimulation was stopped by adding 3 mL of ice-cold PBS followed by 400g centrifugation for 8 min. 3 mL of PBS -2 mM EDTA was added to each tube and incubated for 10 min in a 37 ºC water-bath to promote cell detachment. Samples were centrifuged at 400g for 8 min and decanted. Tube walls were washed for ten-times with 0,7 mL PBS to detach adherent cells and centrifuged at 400g for another 8 min. Tubes were decanted again and blot-down onto absorbing paper.
IMMUNOPHENOTYPING MONOCLONAL ANTIBODY STAINING
Cell pellets were re-suspended in 100 µL of PBS -0,5% bovine serum albumin ( 
FLOW CYTOMETER ACQUISITION
Cell acquisition was performed in a Facscalibur flow cytometer (Becton Dickinson, NJ, USA) establishing a gate of CD4 T-cells by Dot Plot combination of low expression of granularity in side scatter (SSC) with a high expression of the CD4 antigen [ 24 ] (Fig. 1) . A total number of 150.000 gated cells were acquired and stored for CellQuest software (BD Biosciences) analysis. 
ANALYSIS BY THE EXPRESSION OF SUBPOPULATIONS
Analysis techniques used for these protocols are mainly interactive and somehow empirical, based on Boolean gating strategies defined as one or more analysis gates, using a combination of two parameters [ 25 ] , like those used for data analysis.
Each patient cytokine pattern of production was accessed in order to understand individual response to stimulation. Individual cytokine response after the stimuli was compared to their simultaneous cytokine response in the exact conditions without stimuli, as individual baseline.
Acquired and stored CD4-expressing lymphocytes from each phenotype were analyzed in terms of different cytokine expression, with and without PHA or rDer p 10. CellQuest software was chosen for two parameter Dot Plot analysis. Statistical significance was considered for p &lt; 0,05.
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RESULTS
In this study the figures of cytokine expression did not present a normal statistical distribution and a non-parametric test, such as Wilcoxon, was chosen.
As data sets were counting events/cells from a larger universe, they were considered to have a From the figures, it was observed that the expression of CD69 in PHA stimulated cultures was rather superior to cultures without PHA in all six phenotypes. IFN-γ and IL-2 expressions also showed a significant rise in all phenotypes following PHA stimulation. IL-2 expression presented a significant increase following PHA stimulation but, like IFN-&amp;#947;, it was less expressive than CD69. IL-4 In the present study, after PBMC stimulation with rDer p 10, an increase in IL-5 and IL-13 expression was observed in CD4 T-cells simultaneously expressing IFN-&amp;#947;, from phenotype E, and even in such a small group it was possible to observe that individuals with higher increase in IFN-&amp;#947; expression following stimulation with PHA were precisely the non-atopic (phenotype A) and the one only allergic to shrimp (phenotype E). According to this it is considered that allergy control may, in addition to a new Th1/Th2 equilibrium, require the association with mechanisms linked to T regulatory (Tregs) cells [ 35 ] . An increase in IL-5 expression was reported in PBMC cultures from patients allergic to Cryptomeria japonica (Japanese cedar) stimulated with the major allergen Cry j 1, while just sensitized and non-atopic individuals did not show significant variation of IL-5 expression. IL-4 expression did not show any significant variation in the non-atopic group and presented lower frequency of expression than IL-5 in the allergic patients [ 41 ] . Our preliminary data seems to follow that cytokine pattern of response, with an increase in IL-5 and IL-13 expressing CD4 T-cells, only observed in phenotype E with the highest level of specific IgE to shrimp, which is possibly associated with the clinical response following secondary exposure to the probable trigger allergen, tropomyosin. In fact, over 80 identities and about 90 similarities have been found between mite and shrimp tropomyosins [ 17 ] , and phenotype E also recognized the 37-kDa protein band from D. pteronyssinus, probably the tropomyosin (unpublished data). By analogy, in this study, phenotype B -just sensitized to P. borealis shrimp -did not show an increase in IL-4, IL-5 or IL-13 expression by CD4 Besides the non-allergic states, low levels of IL-4 expression may be due to the absence of regular contact with the inducer allergens for a long period of time, like what happens with pollens out of the pollinic season [ 43 ] or by avoiding a certain food, which is a frequent condition associated with food allergies such as this, where clinical reactions may show a taquifilactic pattern through successive ingestions, with a clear worsening tendency. IL-4 expression is also one of the hardest cytokine to be induced in vitro [ 44 ] . However, when cytokine production by allergen-specific T-cells is evaluated after in vivo challenge another important aspect should be noted. Cytokine detected production from collected cells may be under-evaluated, possibly because of their pattern of expression, along with antigen specific selection mechanisms, which may be associated with the migration of activated lymphocytes into the target organs and subsequent depletion of those subpopulations in blood stream [ 45 ] . This biological behaviour is obviously out of an in vitro challenge and so we are driven to think that despite the absence of natural pathophysiological environment, the in vitro system presents CD4 . A possible evidence of these was also observed in our study, when a higher expression of IL-5 and IL-13 was observed in phenotype E after stimulation with rDer p 10 rather than with PHA.
These findings point to the need of further studies, increasing the number of patients filling different phenotypes, to extend the results and clarify our hypothesis.
Further immunochemical and cell studies with more available purified and recombinant antigens, and with a wider studied population for each of the most important phenotypes is crucial for better understanding of the mitemollusk-crustacean cross-reaction, allowing a better prevention of possible unpleasant reactions.
Identification of each patient allergen repertoire, which is highly dependent on individual variability, demands simultaneous immunochemical allergen recognition over two-dimensional protein separations from different sample extracts, and allows a better immunotherapy fine tune focus. The study of the immunochemical isotype response also plays an important role in the evaluation of the efficiency of possible immunotherapeutic strategies [ 48 ] along with a better component-resolved diagnosis.
mRNA studies by quantitative real-time polymerase-chainreaction (RT-PCR) [ 49 ] may reveal to be of great utility for the evaluation of cytokines like IL-4, with a short half-life and a low amount of synthesis upon stimulation, which affects the ability of a single method for the follow-up.
From the economic point of view, the standardization of suboptimal doses of mitogens as co-stimulators, not interfering with the specificity of the response [ 50 ] , may speed the response and thus, save time and financial resources of the costly co-stimulator MoAb.
In the near future, besides the phenotypic study strategies, genomic focus will certainly help the study of polymorphisms associated to immune system triggers, already pointed out as targets for future therapeutics [ 51 ] . Genetic mechanisms responsible for the induction of T-cell tolerance should play an important role in this domain, possibly standing as a key to the mechanism of immune recognition of "self" and "not self" non-infectious antigens, where the majority of allergens are inserted [ 52 ] .
On the phenotypic side, advances in progress in flow cytometry, allowing the simultaneous detection of more than ten different molecules in each cell or sub-cellular particle [ 53 ] in association with techniques, such as the "Cytometric Bead Array" (CBA) (Becton Dickinson) [ 37 ] , will also be very helpful.
